INTRODUCTION
Short tandem repeat (STR) loci, i.e. microsatellites are a class of genetic markers commonly used for population studies and parentage control. Due to their high level of polymorphism and co-dominant inheritance, microsatellites are used in individual identification and parentage testing. DNA markers could be used inter alia, for: examination of genetic structure of populations, estimation of degree of inbreeding or admixture, homozygosity, genetic distance between populations and breeds, planning of crossbreeding programs, preserve programs (maintenance of autochthonous populations and gene-reserve in indigenous breeds), and so on (Józsa et al., 2005) .
Generally, in horses (Equus caballus) set of twelve basic microsatellites loci (AHT4, AHT5, ASB2, HMS2, HMS3, HMS6, HMS7, HTG10, HTG4, VHL20, ASB17 and ASB23) and five additional microsatellites loci (HTG6, HTG7, CA425, HMS1 and LEX3) are used (Equine Genetics and Parentage Analysis Workshop, 2012) . This horse genotyping kit has been designed to provide high discrimination power (PD), with minimum time need to sample preparation and minimum use of reagents (Dimsoski, 2003) Those markers constitute panel of loci recommended by International Society for Animal Genetics (ISAG) in horses parentage testing. Microsatellites loci constitute an informative source concerning population history, structure and genetic diversity (Georgescu & Costache, 2012; Tautz, 1989) .
There has been a rapid decline in numbers within many breeds of horses, including Hucul horses in past century. Hucul horse is primitive breed descended from a wild mountain horse, similar to Tarpan (Equus ferus seu gmelini). According to some sources, Hucul horse is probably a descend of Tarpan and has similar morphological characteristics. Unfortunately, comparison of Hucul horse and Tarpan is impossible, because this subspecies extincted in 1879, in Ukraine. However, the opinions about the origin and breed formation are not uniform. Scientists also assume that Hucul horse is a direct descendant of the Tarpan, and accordingly, the very old Mongolian horse, mountain horse, old Polish horse, old Moldavian horse -consequently, in different modifications of mountain Tarpan type. Some blood impacts of Arabian horses, Lipican, Hafling, Norik breed, Ford and other breeds in the breed formation were observed.
Hucul horse is small in type, mountain horse breed and originated from Hucul in east part of Carpathian Mountains area. The name of the breed it is the name after a small human ethnic group (Hutsul), who lived in the forests of the Carpathian Mountains, although the breed of Hucul horse is much older than this ethnic group. In 1603 the first written reference about Hucul horse of Bucovina appeared as a mountain horse from Carpathian Mountains, characterising great adaptation capabilities to difficult natural conditions. Hucul horse was bred in the former countries of the Austro-Hungarian Monarchy and Poland. Nowadays, this horse is considered as the most valuable equine material in Carpathian Mountains area. There are sources assigning phylogenetic closeness to Oriental horse and Polish Konik horse also, because of descending directly form Tarpan horse (Bordzoł & Jackowski, 2008; Georgescu et al., 2008; Kusza et al., 2013; Trandžík et al., 2006; Žídek et al., 2009) .
The breed of Hucul horse has been known not only in Austro-Hungarian Monarchy area. The breeding was also extended to Finland, United Kingdom, Germany, France and even to the Republic of South Africa. At present, the estimated number of Hucul horses is 2000, the traditional breeding centres of the Hucul horses are Poland and Romania. According to references, population of Polish Hucul mares in studbooks were estimated Hucul horse has heavy build and features of a wild horse with endurance against low temperature and resistant to diseases. Hucul, as a breed, has been formed by natural selection up to present time (Georgescu et al., 2008; , Georgescu et al., 2011) . Hucul is strong, skillful horse breed for endurance in mountain terrain. Hucul horse reaches 350-450 kg of body weight and 125-145 cm height at the withers.
At the present time, Hucul horse breed is independent and unique one. The first stud farm was established in 1856 at Roaduti, in Romania. In 20th Century the breed's herd was moved from Lucina to Waldof, in Austria. After the end of the World War I only 300 Hucul horses has remained and purity of the breed has been weaken. This is one of the horse breeds classified on the "Red List" of domestic animal breeds as threatened by extinction (Žídek et al., 2009) . According to the value of breed, since 1979 the breed has been a part of a protected gene fund of original and primitive breeds of the Food and Agricultural Organization (FAO). In 1994 the Hucul International Federation (HIF) was established, mainly to create breeding goals in Hucul breeder countries. This conservation of breed was gradually extended to particular countries: Poland, Romania, Ukraine, Hungary, Austria, the Czech Republic and Slovak Republic. According to Žídek et al. (2009) Czech Hucul population seems to be isolated from another populations, Slovak and Polish Hucul horses are closely related and slightly admixed.
Hucul horse is one of the oldest and indigenous breeds in Poland (Bordzoł & Jackowski, 2008; Food and Agriculture Organization DAD-IS database, 2013; Georgescu & Costache, 2012; Józsa et al., 2005; Kusza et al., 2013) . Protection of genetic resources of this breed is important as Hucul horse is endangered protected relic of nature and cultural heritage of the Carpathians needs to be preserved, as well. Most of all, on the grounds of a small size of Hucul horse population (Bordzoł & Jackowski, 2008) , and unique character of a breed, Hucul's genetic variation should be monitored to preserve biodiversity within species (Bordzoł & Jackowski, 2008; Georgescu et al., 2008; Georgescu et al., 2011) .
According to Kusza et al. (2013) , studbook data contains some errors in the registration of the Hucul studbook. Those data might be important to conservation of the breed and correct lines of ancestral might be essential for Hucul breed and breeding. This information might be verified by a molecular data as well as mitochondrial DNA research. It is essential especially because cultural and historical arguments for conservation have not been confirmed in the genetic data yet. The microsatellite markers and mitochondrial sequences variation could reveal information about history of breed and genetic background of the Hucul horse, population structure, genetic characterization and also phylogenetic evolutionary relationship to another primitive equine breeds (Kusza et al., 2013) .
Characteristics of genetic variability of local breeds, i.a. Hucul horse, is substantial as a one of the global priorities of scientific research to maintain the genetic resources in opposition to the aims dictated by practices in livestock breeding (Georgescu & Costache, 2012) . The research based on molecular markers could be useful in conservation strategy and Hucul horse breeding program (Kusza et al., 2013) . The analyses using microsatellites loci were conducted for many different horses breeds during the last few years. The genetic variation was also tested for Hucul horse populations in Romania and individuals from Hungary, Austria and Slovak republic. Until now, analyses of genetic diversity of Hucul horse based on STRs were conducted for 60 individuals from Romania (using 12 STRs) (Georgescu et al., 2008) , for 71 individuals form Hungary, Austria and Slovakia (using 17 STRs) (Kusza et al., 2013) and for 81 individuals form Hungary (using 17 STRs) (Józsa et al., 2005) . There wre also analyses with Polish individuals (Hucul horses originated from Slovak republic, Poland and Czech Republic) (using 10 STRs).
MATERIAL AND METHODS
In the present study on Hucul horse populations, 216 blood samples from three distinct Hucul horse populations form Subcarpathian Voivodeship (West Carpathian Mountains) were used. The analyses were carried out on 91 individuals from first population, on 85 individuals from second population and on 40 individuals from the third population. Because of lack of differentiation in genetic structure among those three populations, the analyses were conducted for all studs as a one population. Each sample of DNA was isolated from 300 µl of blood using Wizard kit (Promega -Wizard Genomic DNA Purification Kit)) according to the manufacturer's protocol. DNA was amplified in one multiplex reaction using Finnzymes Diagnostics kit (Thermo Scientific). Amplification of STRs was conducted with GeneAmp 9700 System (Applied Biosystems) using the following cycling conditions: 98°C for 5 min followed by 30 cycles of (98°C for 15 s, annealing temperatures 60°C for 75 s, 72°C for 30 s) and 72°C for 5 min (Instruction Manual. 2011) . The set of proofreading activity and fluorescently labelled 17 primers specific for STRs was tested. PCR products were separated in a capillary electrophoresis system on the 3130×l Genetic Analyser (Applied Biosystems). The GeneScan-500 LIZ Size Standard was used in each sample run for an application of automated DNA fragments analysis with five fluorescent dyes ( Table 1) . Analysis of DNA profiles for 17 STR loci was conducted in GeneMapper 4.0 software (Applied Biosystems). DNA control from the kit was used.
Statistical analysis was conducted using GenAlEx6 (Peakall & Smouse, 2006) and GenePop software (Raymond & Rousset, 1995) . Expected and observed heterozygosities (H o and H e ) (Nei, 1987) , polymorphic information content (PIC) (Botstein et al., 1980) , and fixation index (F ST ) were calculated basing on detected alleles. The rest of coefficients were estimated on the basis of method suggested by Huston (1998) in own-made software: power of discrimination (PD), combined probability of exclusion (PE), and probability of exclusion with assuming of presence of both paternal genotypes and probability of exclusion, when one of paternal genotypes is known (respectively PE 2 and PE 1 ) (Huston, 1998) .
RESULTS AND DISCUSSION
The fixation index (F ST ) -measure of population differentiation due to genetic structure was estimated. Because of F ST coefficient has been qualify as low (lower than 5% -range from 0.0853 to 0.0531), thus, it was not differentiation among subpopulations, and all three populations were estimated as a one population in following analyses. Entire set of 17 microsatellites loci was polymorphic and total number of 112 different alleles in 17 loci was detected. The number of alleles was estimated per particular loci and mean number of alleles was 7 (7.00 ± 1.62) (the table with all allele frequencies is available from the authors on request). The most polymorphic loci were VHL20 and ASB17 with 9 allelic variants, the least polymorphic -HTG4 and HTG6 with 4 allelic variants. Number of detected alleles was similar to research of the Georgescu et al. (2008) in which mean number of Romanian Hucul horse population using twelve basic microsatellites loci was 6.66 alleles per locus. Comparably to Kusza et al. (2013) research based on seventeen microsatellites loci, mean number of alleles was little less than result in this study. According to Kusza et al. (2013) , mean number of alleles reported was close to the mean numbers for breeds as Indian Spiti horse (4.8), Hungarian Lipizzan (5.8), Croatian Lipizzan (5.2), Spanish Trotter horses (6.0), but lower than reported for the Pantaneiro horse (9.1) and Mediterranean horse (10.6). The differences among breeds and their mean numbers of alleles could depend on analysed number of alleles, number of individuals in study, or particular population structure.
The observed and the expected heterozygosities (H o and H e ), the polymorphic information content (PIC) were estimated. The results are presented in Table 2 .
Mean number of expected heterozygosities was established as 0.7027, observed heterozygosities was 0.7288 and polymorphic information content was 0.6661. Result of expected heterozygosities in this research was established quite similar to Kusza et al. (2013) Kusza et al. (2013) result of heterozygosities about 0.7 was average in comparison to other horses breeds heterozygosities values. Most of polymorphic coefficients were over 0.5, beyond two loci HTG6 and LEX3, which belong to additional loci in recommended parentage control set of STRs for horses. 10 loci were observed as the most polymorphic (assuming values H e , PIC, H o over 0.7). The value of expected heterozygosities for HTG6 loci was lower than observed and the similar situation was for LEX3 loci: 0.3849 (expected) and 0.4213 (observed) for HTG6, 0.4922 and 0.3565 for LEX3, respectively. The most significant difference between H o and H e was also observed for LEX3. In LEX3 marker inaccuracy were observed in Ząbek et al. (2009) study as well, probably because of linkage of this microsatellite to X-chromosome. Most likely, the greatest differences between H o and H e values characteristic of locus LEX3 are connected to the location on X-chromosome. The mean inbreeding index value (F IS ) was estimated as -0.093. The inbreeding index values for all loci were negative except for LEX3. The values for particular loci were calculated from -0.195 for HTG7 to 0.222 for LEX3 (data not shown). The value for LEX3 loci is probably encumbered with error because of its linkage to X-chromosome. Hence, inbreeding index value except LEX3 loci data indicates the Hucul horse population is not inbreeding. The power of discrimination (PD) of analysed set of loci was tested. The combined probability of exclusion (PE) was calculated with assumption of presence of both paternal genotypes, and also probability of exclusion, when one of paternal genotype is known (PE 2 and PE 1 ) (Huston, 1998) (Table 3 ).
results
All loci had high value PD (over 0.7), except of two microsatellite markers. The lowest value was calculated for LEX3 and HTG6 as well as observed for PIC coefficients (0.6745 and 0.6037, respectively). The cumulative power of exclusion for whole set of loci was estimated as 0.999999. The power of cumulative exclusion, when one of paternal genotype is known, was 0.999158 for all set of 17 STRs. The value of coefficient when both paternal genotypes were known, was higher and estimated as 0.999996. For particular loci PE coefficients values were the lowest for LEX3 and HTG6 loci. Nevertheless, cumulative power of exclusion for all set of microsatellite loci is very high (99.9999 %).
Analysis of twelve basic microsatellites loci was also conducted (Table 4 ). The cumulative power of exclusion for basic set of loci was estimated as 0.999989. The power of cumulative exclusion, when one of paternal genotype is known, was 0.995919 for basic set of 17 STRs.
The combined probability of exclusion with assumption of presence of both known paternal genotypes, was estimated for basic set of loci as 0.999920, and it was a little less value than whole set of 17 STRs (0.999996).
CONCLUSIONS
The subject of analysis was Hucul horse population consisted of three separated studs. Entire set of analysed microsatellites loci is useful for individual identification and parentage testing in analysed Hucul horse population. Lower polymorphism of HTG6 loci does not have much influence for utility of whole 17 microsatellite loci set. Despite of small number of individuals in this studs, the high values of polymorphism coefficients of population indicate usefulness of analysed set of STRs in parentage control testing even for small populations. Moreover, the analysis between whole set of loci and basic set of loci indicated more confidence in parentage testing cases, particularly in small populations analysis. The using of seventeen microsatellite set of loci provides greater certainty of parentage testing. The results of Hucul horse previously researched indicate the similar mean number of alleles per locus which was higher than reported in literature for other breeds. There is a divergence between the utility and maintenance of breeding, and an effect of improvement of utility traits by selection efforts. Implementation of these breeding goals could provide to reducing of genetic diversity. On the other hand, restricted approach to breeding conservation could lead to declining some utility traits.
Generally, small populations like subject of this study, have always greater risk of inbreeding and losing of genetic information. The selection should be carried out in order to avoid inbreeding depression.
This preliminary results of analysis is the first genetic diversity study of Hucul horse in Poland. Next step of research would be inter alia analyses of larger number of studs and individuals, and also mtDNA sequences. Genetic diversity of Hucul horse as indigenous breeds in Poland should be monitored to preserve biodiversity.
